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Abstract 12 
 13 
It is well-known that polypropylene (PP) is difficult to process as a consequence of its linear 14 
structure. It is also known that grafting of long-chain branches on PP backbone using ionizing 15 
radiation is an effective approach to achieve high melt strength polypropylene (HMS PP). Chain-16 
scission and, in minor extend, crosslinking and grafting are the predominant reaction in order to 17 
branch PP backbone. However, if multifunctional monomers are used to promote the grafting 18 
reaction, crosslinking can surpass chain scission and grafting, reducing drawability. Therefore, in an 19 
effort to enhance the processability and so the drawability, it has been found helpful to add a small 20 
amount of polybutene-1. Gamma irradiation technique was used to induce chemical changes in 21 
blends of PP and polybutene in acetylene atmosphere (crosslinker promoter) and in 22 
HMSPP/polybutene blends. The samples were irradiated with a 60Co source with doses of 12.5 and 23 
20 kGy in the presence of acetylene. In this work, two different methods of blends processing were 24 
compared regarding rheological and mechanical properties. Effects on the strength and elongation 25 
at the yield point and at rupture were observed by mechanical tests and showed decrease of tensile 26 
strength and increase of elongation at rupture for samples obtained by irradiation of blends. The 27 
results from rheology demonstrated an increase in melt strength and drawability of blends.  28 
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1. Introduction 32 
 33 
Radiation processing is very useful to improve properties of polymer materials by balancing 34 
grafting, crosslinking and chain scission reactions. Polypropylene (PP) has been applied to a wide 35 
range of production due to its various excellent properties such as high stiffness, chemical 36 
resistance, no environmental pollution when incinerated, low specific density and good mechanical 37 
properties at low price. Therefore PP has been preferred to polyvinylchloride, polyurethane and 38 
polyethylene in a wide range of applications. However, PP has low melt strength as a consequence 39 
of its linear structure. The lack of strain hardening makes the processability of this material into 40 
foams, films and fibers at high production rate very complicated and sometimes impossible �1-4�. 41 
High melt strength polypropylene (HMS PP) has been recently developed and introduced in the 42 
market by the major international polypropylene producers. Various methods have been applied to 43 
modify polypropylenes by the addition of long chain branches. BRASKEM, a Brazilian PP 44 
producer, together with EMBRARAD, Brazilian gamma-irradiator, and the Nuclear and Energy 45 
Research Institute (IPEN) polymer group jointed forces to develop a national technology for the 46 
production of HMS PP. This technology is based on the grafting of long chain branches on PP 47 
backbone using acetylene as crosslinker promoter under gamma radiation, generated from a Co60 48 
source. The radio-induced grafting reactions occur on account of the rearrangement of radicals 49 
formed in polymer materials, however, if multifunctional monomers are used, the kinetics of 50 
crosslinking can be increased and eventually the melted polymer under processing will be too 51 
elastic with poor drawability �5�.  52 



Schemm et al �6��informed that polybutene melt strength is ca. twice as high as for PP with closer 53 
melt flow index, witch results in better drawability and less sagging of the melt during extrusion. 54 
Nowadays, an important approach to the development of polymer materials is based on the 55 
combination of different two or more polymers into a new product having some of the desired 56 
properties of each component. One of the main obstacles to achieve this target is the inherent 57 
incompatibility of most polymer combinations, resulting in the deterioration of mechanical 58 
properties of the blends.  59 
The polybutene like polyethylene and polypropylene is a polyolefin, consequently has typical 60 
properties of commodities polymers, and however has properties of engineering polymers too. It 61 
can be used as a component blend component to improve and differentiate the properties of other 62 
polyolefins. In PE films, polybutene can improve sealing performance, the ability to peel with 63 
controlled force, flexibility and temperature strength. Due to its similar structure, polybutene is 64 
compatible with PP and it can be used in blends to improve certain characteristics of PP. Polybutene 65 
is used to modify PP fibres to enhance softness, and flexibility. There are relatively few studies on 66 
polybutene blends, among which that of Shie et al �7�, who studied the crystallization behavior and 67 
the morphology of polypropylene/polybutene blends. On the other hand, studies of irradiated 68 
polybutene blends have not been found yet �7-11�. It is known that the main effect of polybutene 69 
irradiation is the chain scission �12-13�. 70 
In this work, polybutene was blended with PP and then these blends were modified with gamma 71 
radiation in presence of acetylene to improve melt strength and drawability. Blends of polybutene 72 
and HMS-PP were studied too.  73 
The use of radiation in mixtures of polypropylene with polybutene in order to improve the 74 
drawability and melt strength can have great industrial interest. 75 
 76 
2. Experimental 77 
 78 
Materials 79 
 80 
The polypropylene used in this study (MFI: 1.5 g/10 min) was supplied in a granular form and was 81 
mixed with polybutene (MFI: 6.7 g/10 min). Blends with 10 and 20wt% of polybutene were 82 
prepared by two different methods (Table 1). These compositions were chosen due to the fact that 83 
polybutene presents high price. 84 
In the method 1 (Figure 1a), the polypropylene was blended with polybutene and after that the 85 
blends were irradiated with gamma rays with doses of 12.5 and 20 kGy in presence of acetylene. 86 
In the method 2 (Figure 1b), the acetylene was injected in bags of nylon with polypropylene inside. 87 
These samples were irradiated with doses of 12,5 and 20 kGy  of gamma rays (60Co source) at 88 
Embrarad and then modified polypropylene was blended with polybutene.  89 
 90 

Insert Figure 1 91 
 92 

Insert Table 1 93 
Analysis 94 
 95 
Melt index and swelling ratio 96 
 97 
The melt flow indexes of the blends were measured in a Melt flow equipment of CEAST where the 98 
samples were flowed through an orifice of 2.00 mm diameter under a loading of 2.16 kg at 230°C 99 
(ASTM D 1238-04c). The swelling ratio was calculated by diameter ratio of this material to 2.00 100 
mm. 101 
 102 
 103 
 104 



Gel content 105 
 106 
Gel content of the samples was determined by extracting the soluble components in boiling xylene 107 
for 12 hours at 135oC. Then the residue was dried to constant weight during 1 hour at 150oC. Three 108 
species were used to determine the average gel content for each sample (ASTM D 2765-01). 109 
 110 
Mechanical properties  111 
 112 
A EMIC DL 300 universal tensile/compression testing machine equipped with a data acquisition 113 
system was utilized to carry out the tensile tests. The speed velocity of testing was 50 mm/min and 114 
the tests carried out at a temperature of 23oC.  At least six specimens were tested from each sample, 115 
complying with ASTM D 638-03 standard. 116 
 117 
Rheological characterization in shear flow 118 
 119 
The rheological measurements in shear were performed at a temperature of 200oC using rotational 120 
Physica rheometer (MCR 300) with plate-plate geometry of 25mm in diameter and a gap of 1.0mm. 121 
Samples of a thickness of 1.2 and diameter of 25mm were prepared from the irradiated and 122 
stabilized pellets in a hot press at a temperature of 190oC. 123 
 124 
Melt strength and drawability 125 
 126 
In the rheotens test, the tensile force needed for elongation of an extruded filament was measured as 127 
a function of the draw ratio. The sample was extruded at 190oC in a Haake reometer (single screw 128 
diameter) in combination with a Rheotens Mod. 71.97 (Göttfert). The test velocity varied between 129 
40.0 and 575.0 mm.s-1 and acceleration was 6 mm.s-2. It can be assumed that cooling of the 130 
extruded strand in the spinline is small, so the polymer melt is elongated under isothermal 131 
conditions. 132 
 133 
3. Results and discussion 134 
 135 
Table 2 ilustrates the influence of radiation process and presence of acetylene monomer on 136 
phenomena like chain scission, grafting and crosslinking, expressed by melt flow index, gel 137 
fraction, melt strength and drawability. PP is difficult to crosslink by radiation, because the 138 
crosslinking and chain scission reactions proceed at almost same rate. It is known that the efficiency 139 
of crosslinking is improved by adding multi functional monomers like acetylene, which have 140 
carbon-carbon double bond in its molecule. From results, it was revealed that the addition of 141 
polybutene with PP increased significantly the drawability, however occurred a drastic decrease of 142 
melt strength. Higher values of melt strength and drawability were obtained for irradiated 143 
PP/polybutene blends with acetylene in relation of pure PP, the samples C and D showed better 144 
results. The slight increase of gel fraction of these samples may be attributed probably to the 145 
grafting with consequent branching and crosslinking, however an increase of melt flow index was 146 
observed probably due to polybutene addition.  147 
The samples E, F, G and H prepared by blending of HMS PP and polybutene showed a slight 148 
decrease of melt flow index in relation of HMS PP with consequent increase of gel fraction for 149 
samples G and H that may be attributed to a possible chain entanglement between HMS PP and 150 
polybutene. This chain entanglement favored the flow in Rheotens with consequent increase of 151 
drawability, however showed higher shear strength with consequent increase of complex viscosity 152 
that will be observed in Figure 2. All samples prepared by method 2 showed a decrease of melt 153 
strength with slight increase of drawability in relation of HMS PP.  154 
 155 

 156 



Insert Table 2 157 
 158 

The tensile strength and elongation at maximum are shown in table 3. Samples A, B, C and D 159 
showed a decrease of tensile strength and an increase of elongation after irradiation. The same 160 
behavior was observed at rupture.  161 
Samples E, F, G e H showed a decrease of maximum tensile strength in relation of pure PP, 162 
however these values were closer to results of HMS PP and the elongation showed a slight increase.  163 
All samples obtained by Method 2 showed remarkable decrease of tensile strength and elongation at 164 
rupture in relation of pure PP and HMS PP. 165 
 166 

Insert Table 3 167 
 168 

The complex viscosity plotted as a function of angular frequency is shown in Figure 2. At low shear 169 
rates PP melts show a Newtonian behavior with a constant viscosity (plateau). The viscosity in the 170 
Newtonian regime is called the zero shear viscosity, ηo that gives valuable information of molar 171 
mass. The plateau was observed only for pure resins and blends without irradiation. In fact, the 172 
slope of the flow curves of all blends studied became steeper, especially for samples A, D, E and F. 173 
It is well known that this is the typical behavior of a branched polymer that can be observed also in 174 
curves of HMS PP. All irradiated blends showed complex viscosity values lower than the values of 175 
pure PP in the angular frequency studied, denoting degradation process. 176 

 177 
Insert Figure 2 178 

4. Conclusions 179 
 180 
To improve melt strength and drawability, PP was blended with polybutene and irradiated in 181 
presence of acetylene. PP irradiated in presence of acetylene (HMS PP) was as well as blended with 182 
polybutene. The tests reveal structural modifications on blends studied. It was observed that only 183 
the blended of polybutene with polypropylene without irradiation process improved the drawability, 184 
however the melt strength showed a significant decrease. The irradiation used in method 1 and 185 
method 2 increased the melt strength and drawability in relation of pure PP.  186 
Even the increase of melt strength, the mechanical properties decreased for irradiated blends. This 187 
usually occurs in blends with heterogeneous structure due to the weak interfacial adhesion between 188 
components of the blend, the imposed stress cannot be sufficiently transferred between the different 189 
phases, however the blends no irradiated showed values of mechanical properties closer to results 190 
pure PP, so the decrease may be attributed to irradiation process.  191 
 192 
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Figure 1- Methods of  PP/Polybutene blends preparation : (a) method 1 and (b) method 2. 218 

 219 
 220 



Table 1 - Formulation of blends. 221 
Sample/Method Polypropylene/Polybutene 

(wt%) 
Dose (kGy) 

A/1 90/10 12,5 
B/1 80/20 12,5 
C/1 90/10 20,0 
D/1 80/20 20,0 

Sample/Method HMS-PP/Polybutene (wt%) Dose (kGy) 
E/2 90/10 12,5 
F/2 80/20 12,5 
G/2 90/10 20,0 
H/2 80/20 20,0 

 222 
 223 
 224 
Table 2 - Results of melt flow index, gel fraction, melt strength and drawability. 225 

 Melt flow index 
(g/10 min) 

Gel fraction  
(%) 

Melt strength  
(cN) 

Drawability 
(mm/s) 

PP 1,5 0 20,4 7,4 
Polybutene 6,7 0 5,5 9,4 

90%PP/10%Polybutene 3,9 0 1,3 30,0 
80%PP/20%Polybutene 4,9 0 1,4 35,0 

A (90/10) 3,0 5,2 21,9 13,7 
B (80/20) 3,9 4,7 29,9 8,8 
C (90/10) 3,2 8,7 37,8 12,2 
D (80/20) 2,6 6,4 41,2 11,6 

HMS PP 12,5 kGy 2,5 1,9 58,6 10,8 
HMS PP 20 kGy 2,9 1,7 53,0 12,0 

E (90/10) 2,1 2,9 32,5 13,1 
F (80/20) 2,1 1,7 32,6 14,5 
G (90/10) 2,0 6,8 35,1 12,5 
H (80/20) 2,1    6,4 33,5 12,4 

 226 



Table 3 – Results of tensile at rupture, deformation at rupture, maximum tension and maximum deformation. 227 
 Tensile at 

yield point (MPa) 
Elongation at 

yield point (%) 
Tensile at 

rupture (MPa) 
Elongation at 
rupture (%) 

PP 28,9 ± 0,7 10,6 ± 1,0 18,8 ± 1,4 640,6 ± 13,6 
Polybutene 7,2 ± 1,1 11,0 ± 1,0 18,6 ± 1,1 367,6 ± 13,6 

90%PP/10%Polybutene 23,8 ± 1,7 9,2 ± 1,3 28,8 ± 1,7 654,8 ± 25,8 
80%PP/20%Polybutene 20,0± 0,3 11,1 ± 1,3 25,9 ± 0,2 582,4 ± 22,9 

A (90/10) 22,1 ± 0,7 16,7 ± 0,9 15,6 ± 2,8 777,9 ± 93,9 
B (80/20) 21,1 ± 0,5 15,1 ± 0,5 18,3 ± 0,8 716,5 ± 50,1 
C (90/10) 21,2 ± 1,1 14,0 ± 1,7 13,3 ± 2,7 756,7 ± 77,2 
D (80/20) 20,7 ± 0,6 14,2 ± 1,9 16,6 ± 2,2 768,0 ± 63,6 

HMS PP 12,5 kGy 25,2 ± 0,7 6,2 ± 1,0 22,0 ± 1,4 639,4 ± 13,9 
HMS PP 20 kGy 25,5 ± 0,6 6,1 ± 1,8 18,9 ± 2,0 622,4 ± 27,4 

E (90/10) 24,9 ± 0,6 10,9 ± 1,6 13,7 ± 1,6 581,1 ± 87,3 
F (80/20) 24,0 ± 1,8 7,1 ± 1,2 15,2 ± 1,1 513,8 ± 29,8 
G (90/10) 22,6 ± 1,1 9,7 ± 1,3 12,0 ± 1,2 552,4 ± 25,8 
H (80/20) 22,8 ± 1,3 8,6 ± 1,1 15,6 ± 2,7 486,2 ± 30,9 
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Figure 2 - Complex viscosity as a function of frequency angular for samples:       249 

   (a) processed by method 1 and (b) processed by method 2. 250 
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